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Abstract .  The Space S h u t t l e  contaminant environment c o n s i s t s  of molecules 

and p a r t i c l e s  o r i g i n a t i n g  on t h e  Shu t t l e .  The molecules come from out-  

gassing,  cab in  leakage,  f l a s h  evapora tors  and o t h e r  man-controlled ven t s ,  

and rocke t  exhaust .  

t i o n  of s u r f a c e s ,  d u s t  t rapped i n  c racks ,  d u s t  from ven t s  and cabin  leaks ,  

i ce  p a r t i c l e s  from improper vent ing ,  and d r o p l e t s  of unburned f u e l .  

Simpson and Witteborn (1977, Applied Optics 16, 2051-2073) have d iscussed  

t h e  e f f e c t  of t h e  i n f r a r e d  r a d i a t i o n  from molecules and p a r t i c l e s  from 

4 pm t o  200 vm on a s e n s i t i v e  i n f r a r e d  te lescope .  

d i scusses  non-Shuttle i n f r a r e d  sources  such as t h e  atmosphere of t h e  

e a r t h  and t h e  i n t e r p l a n e t a r y  d u s t l z o d i a c a l  l i g h t . )  They conclude t h a t  

t h e  r a d i a t i o n  from t h e  contaminant environment is  t o l e r a b l e  only when i t  

is  a t  its minimum, when t h e r e  are no rocke t  f i r i n g s  and t h e  f l a s h  evapo- 

r a t o r s  and t h e  manually c o n t r o l l e d  ven t s  are no t  being used. 

extends t h e  p red ic t ed  i n f r a r e d  spectrum from t h e  molecular contaminants 

H 2 0  and C 0 2  down t o  2 vm. It a l s o  d i scusses  t h e  s i g h t i n g  frequency and 

i n f r a r e d  spectrum of p a r t i c l e s  caused by s p a l l a t i o n  of t h e  s u r f a c e s  of 

t h e  S h u t t l e  t i les  by micrometeoroid impact. 

P a r t i c l e s  a re  thought t o  come from abras ion ,  abla-  

(This paper  a l s o  

This  r e p o r t  

H 0 and CO are t h e  most important  i n f r a r e d  a c t i v e  molecules t h a t  2 2 

come from outgass ing ,  cab in  leakage,  o r  evaporators .  It is assumed t h a t  

*Ames Associa te  under Contract  NAS2-9636. 
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t h e  i n i t i a l  populat ions of t he  molecular levels are given by thermodynamic 

equi l ibr ium (TE). In  a vacuum t h e  molecules r a d i a t e  u n t i l  they come i n t o  

equi l ibr ium wi th  t h e  r a d i a t i o n  f i e l d  of t h e  e a r t h  and sun. The t i m e  i t  

takes  depends on t h e  E i n s t e i n  t r a n s i t i o n  p r o b a b i l i t y .  

molecules move away from the  S h u t t l e ;  only t h e  nearby ones are de tec t ed  

by Shut t le-borne experiments. Consequently, t h e  r a d i a t i o n  from t r a n s i -  

t i o n s  wi th  s m a l l  t r a n s i t i o n  p r o b a b i l i t i e s  ( long l i f e t i m e s )  is given by 

t h e  TE formulae (such as t h e  15-pm band of C02 and t h e  6.3-pm band of 

H20) .  

of C02 and t h e  2.7-pm band of H20 are i n  equi l ibr ium w i t h  t h e  r a d i a t i o n  

f i e l d  of t h e  sun o r  e a r t h  ( t h e  l a t te r  is  very  weak). S ince  t h e  S h u t t l e  

is  a c t u a l l y  moving through t h e  e a r t h ' s  upper atmosphere, t h e  H20 bands 

are a l s o  exc i t ed  by c o l l i s i o n s  wi th  oxygen atoms. 

t i o n a l  r a d i a t i o n .  For CO t h i s  e x c i t a t i o n  is almost n e g l i g i b l e .  

Meanwhile t h e  

Bands wi th  l a r g e  t r a n s i t i o n  p r o b a b i l i t i e s  (such as t h e  4.3-l.1m band 

This r e s u l t s  i n  addi- 

2 

The s u r f a c e  of t h e  S h u t t l e  t i l e s  is  coated w i t h  b o r o s i l i c a t e  g l a s s .  

Hypervelocity impacts of micrometeoroids make small craters, from which 

p a r t i c l e s  are e j e c t e d  a t  high v e l o c i t i e s  (o ther  p a r t i c l e s  are e j e c t e d  a t  

low v e l o c i t i e s ) .  

temperatures than t h e  su r face ;  they cool  t o  ambient w i t h i n  a few seconds. 

However, because of t h e  h igh  v e l o c i t i e s ,  most of t h e  p a r t i c l e s  t h a t  pass  

through t h e  1 5  arcmin f i e l d  of view of a 1-m diameter t e l e scope  do so 

almost immediately a f t e r  e j e c t i o n .  

p a r t i c l e s  i s  t h a t  of a s i l icate ,  wi th  emission peaks a t  10  pm and 20 pm 

and emissivities t h a t  decrease r a p i d l y  a t  longer  wavelengths. 

The shocked o r  even melted p a r t i c l e s  have much h ighe r  

The spectrum of t h e  1 t o  20-pm 
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E s t i m a t e s  of r a d i a t i o n  from t h e  sources  discussed he re  do no t  change 

t h e  au tho r s '  earlier conclusion t h a t  t h e  S h u t t l e  environment would be 

s u i t a b l e  f o r  s e n s i t i v e  i n f r a r e d  astronomical  observa t ions  wi th  appropri-  

a te  c o n s t r a i n t s  on S h u t t l e  observa t ions .  The na tu re  of t h e  expected 

sources ,  however, should be considered i n  t h e  design of instruments  

planned f o r  u s e  i n  t h e  S h u t t l e  environment. 

1. INTRODUCTION 

The performance of cooled i n f r a r e d  te lescopes  observing from t h e  

Space S h u t t l e  O r b i t e r  w i l l  be  l i m i t e d  by t h e  background r a d i a t i o n  from 

zodiaca l  p a r t i c l e s  and, t o  some e x t e n t ,  from t h e  contaminant atmosphere 

of the Orbiter itself. 

red  background i n  t h e  4 t o  300 pm range f o r  t h e  expected contaminant 

environment. They found t h a t  wi th  adequate ope ra t iona l  c o n s t r a i n t s ,  t h e  

O r b i t e r  can provide  a s u i t a b l e  environment f o r  a cooled i n f r a r e d  tele- 

scope. 

determined by Rantanen and Ress' and design parameters from t h e  S h u t t l e  

I n f r a r e d  Telescope F a c i l i t y  (SIRTF), a 1.2-m diameter  t e l e scope  wi th  

10K - 20K o p t i c s . 3  The p o t e n t i a l  use  of such an instrument  on important  

problems which may have t h e i r  s o l u t i o n s  i n  t h e  nea r  i n f r a r e d ,  coupled 

wi th  t h e  minimum i n  n a t u r a l  background near  3 pm, has  brought t o  l i g h t  

t h e  importance of eva lua t ing  t h e  contaminant induced i n f r a r e d  background 

from 2 t o  4 pm. 

r a d i a t i v e  and c o l l i s i o n a l  e f f e c t s  a t  an  a l t i t u d e  of 350 km. 

Simpson and Wittebornl have estimated the infra- 

The eva lua t ion  was made us ing  a molecular contaminant atmosphere 

I 

This is  done f o r  water vapor and C02 cons ider ing  both 
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While the  p a r t i c u l a t e  environment of t h e  S h u t t l e  Orb i t e r  remains 

much less p r e d i c t a b l e  than t h e  molecular environment, a p o t e n t i a l l y  

important particle production mechanism, namely s p a l l a t i o n  by micromete- 

o ro ids  inc iden t  upon the  t i l e d  su r face  of t h e  Orb i t e r ,  has  been proposed 

by B a r e n g o l t ~ . ~  

are examined here .  The spectrum of the  e j e c t e d  particles is  p red ic t ed  

f o r  var ious  s i z e s  of p a r t i c l e s  of t h e  composition of t h e  t i les .  

p a r t i c l e  s i g h t i n g  rates determined f o r  t h i s  mechanism may be  h igh  enough 

t o  r e q u i r e  t h a t  t h e  most s e n s i t i v e  SIRTF inst ruments  i nco rpora t e  p a r t i c l e  

s i g h t i n g  d iscr imina t ion  procedures o r  hardware. They are, however, d i s -  

c r e t e  events  and thus do not  produce a cont inuously e leva ted  background. 

The absence of a cont inuously e leva ted  background due t o  s p a c e c r a f t  

corona around Skylab w a s  repor ted  by Schuerman and Weinberg. 

The p a r t i c l e  s i g h t i n g  rates r e s u l t i n g  from t h i s  mechanism 

The 

5 

W e  w i l l  d i s cuss  h e r e  the  i n f r a r e d  spectrum of H20 and C02 a t  f a i r l y  

high r e s o l u t i o n  and t h e  spectrum and s i g h t i n g  frequency of p a r t i c l e s  

s p a l l e d  by micrometeoroids. 

r e s u l t s  can be appl ied  t o  any instrument opera t ing  i n  t h a t  wavelength 

range. 

Units  w i l l  be  kept  genera l  so t h a t  t h e  

2. MOLECULAR CONTAMINANTS 

I n  t h i s  s e c t i o n  w e  w i l l  d i scuss  t h e  i n f r a r e d  spectrum of molecular 

H20 and C02 t h a t  is  of fgassed ,  outgassed, purposefu l ly  evaporated,  o r  

leaked from t h e  Orb i t e r  cabin.  The temperature of t h e  vapor i s  low, 

ranging from 201K f o r  c e r t a i n  p a r t s  of t h e  S h u t t l e  f ac ing  cold space,  

t o  366K f o r  t h e  r a d i a t o r s  when they are fac ing  t h e  sun. W e  w i l l  consider  
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here  only t h e  temperature 296K because t h a t  i s  t h e  temperature appropr i a t e  

f o r  cab in  leakage.  However, as w i l l  be  seen ,  t h e  molecules are n o t  i n  

equi l ibr ium,  and t h e  r a d i a t i o n  shortward of 5 u m  does not  depend on the 

i n i t i a l  temperature.  

Bareiss e t  a1.6 have p red ic t ed  column d e n s i t i e s  of H20 and C02 f o r  

t h e s e  sources .  

molecules/cm2 f o r  t h e  minimum temperatures t o  g r e a t e r  than l o 1  
Column d e n s i t i e s  of H20 f o r  o f fgass ing  range from 10 l1  

molecules/  

cm2 f o r  maximum femperatures  and c e r t a i n  l i n e s  of s i g h t .  

f o r  t h e  f l a s h  evapora tors  (when opera t ing)  range from a few t i m e s  10 l1  t o  

Column d e n s i t i e s  

\ 

a few t i m e s  1 0 l 2  molecules/cm2, depending on t h e  l i n e  of s i g h t .  Both H20  

and C02 are leaked from t h e  O r b i t e r  cab in ;  t h e  column d e n s i t i e s  are 1 t o  

5x1Ol1 molecules/cm2, depending on the  l i n e  of s i g h t .  

RCS Vernier  t h r u s t e q s  produce t h e  fol lowing i n f r a r e d  emi t t i ng  contaminant 

I n  a d d i t i o n  the 
1 

molecules:  

1 0 l 2  t o  1014 molecules/cm2 depending on t h e  t h r u s t e r  l o c a t i o n .  

COY CO,,' H 2 0 ,  NO, and OH. The column d e n s i t i e s  range from 

However, 

t h e  temperature  of t h e  exhaust gas  i s  so high t h a t  t h e  i n f r a r e d  r a d i a t i o n  

from t h e  gas  i s  much more i n t e n s e  than t h a t  from any o t h e r  source.  Con- 

sequent ly ,  w e  w i l l  no t  cons ider  t h e  v e r n i e r  t h r u s t e r  exhaust  because i t  

would n o t  be worthwhile f o r  s e n s i t i v e  i n f r a r e d  te lescopes  t o  t ake  da t a  

wh i l e  t h e  t h r u s t e r  exhaust  i s  i n  t h e  f i e l d  of view. The gaseous exhaust 

products  d i s s i p a t e  i n  a few seconds so t h e  l o s t  observing t i m e  is  neg l i -  

g i b l e ,  provided t h a t  t h e  i n t e r v a l  between f i r i n g s  is  l a r g e .  

I 

I 

I n  t h i s  paper w e  w i l l  n o t  cons ider  t h e  s p e c t r a  of o t h e r  molecules 

bes ides  H20 and C02.  Such molecules might be  t h e  outgassed products  of 
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epoxy, t e f l o n ,  p a i n t ,  i n s u l a t i o n ,  etc. W e  w i l l  a l s o  assume t h e r e  are no 

l eaks  i n  t h e  f u e l ,  hydrau l i c ,  and coolan t  systems. F i n a l l y ,  w e  w i l l  no t  

cons ider  t h e  gases  t h a t  might be  leaked from o r  used t o  purge o t h e r  

experiments. 

When t h e  H20 and C02 molecules l eave  t h e  S h u t t l e ,  they move i n t o  

the  r a d i a t i o n  f i e l d  of t h e  e a r t h  and sun. W e  assumed t h a t  a l l  t h e  mole- 

c u l e s  move wi th  t h e  most probable v e l o c i t y  f o r  t h e  temperature 296K. 

Rantanen and R e s 2  have predic ted  t h e  d e n s i t y  of t h e  molecules as func- 

t i o n s  of d i s t a n c e  from t h e  S h u t t l e  and l i n e  of s i g h t .  From t h i s  w e  can 

c a l c u l a t e  t h e  number of molecules i n  t h e  l i n e  of s i g h t  t h a t  f a l l  i n t o  

each t i m e  increment. Half t h e  column dens i ty  is  reached by 21.3 m f o r  

H20 and by 13 .1  m f o r  C 0 2 ;  t h e  corresponding t r a v e l  t i m e s  f o r  t h e  

molecules are 0.041 sec and 0.039 sec, r e spec t ive ly .  It w a s  assumed 

t h a t  t h e  ins t rument ' s  en t rance  a p e r t u r e  p r o j e c t s  3 m beyond t h e  s k i n l i n e  

of t h e  Orb i t e r .  The r a d i a t i o n  f i e l d  of t h e  sun is  approximately a 

blackbody a t  5 8 5 0 K  d i l u t e d  by t h e  s o l i d  ang le  of t h e  sun d iv ided  by 4 IT 

s ter .  

a t  d i f f e r e n t  temperatures  subtending 2 IT ster. 

i s  s l i g h t l y  smaller and varies wi th  a l t i t u d e . )  The d i f f e r e n t  temperatures  

are t h e  b r igh tness  temperatures  of t h e  e a r t h  a t  d i f f e r e n t  wavelengths 

given by Smith.7 

e a r t h ' s  atmosphere is  o p t i c a l l y  t h i c k ,  bu t  288K where t h e  atmosphere is 

o p t i c a l l y  t h i n  and one can see a l l  t h e  way t o  t h e  s u r f a c e  of t h e  e a r t h  

from space.  Because of t h e  s h o r t  t i m e  requi red  for t h e  molecules t o  

The r a d i a t i o n  f i e l d  of t h e  e a r t h  i s  given by a blackbody func t ion  

(The a c t u a l  s o l i d  a n g l e  

The b r igh tness  temperature  i s  as low as 2 1 8 K  where t h e  

181 
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disperse out of the field of view, the vibration-rotation bands could be 

divided into three groups. 1) Those with transition probabilities A 

greater than about 80 sec’l, such as the 4.3-um band of C02 and the 2 . 7 -  

vm band of H 2 0  come into equilibrium almost immediately, as (l-e-At). 

2 )  Bands with A less than a few sec-’ do not substantially change their 

initial intensities in the few tenths of a second that it takes before 

they are dispersed out of the fi.eld of view. 3) Intermediate cases fall 

between. 

vibrational levels from which bands in groups 1 and 3 arise. All 

vibration-rotation bands connecting these levels were considered. There 

were 7 vibrational levels in the calculation for H 0 and 11 for CO (more 

because of t h e  e x t r a  degeneracy i n  t h e  l i n e a r  CO ).  The i n i t i a l  popula- 

tions of the rotational levels in each vibrational level were given by 

the Boltzmann equation for 2 9 6 K .  

for 0.27 sec, at which time the column density has fallen to less than a 

tenth of the total value. 

for the energy levels and transition probabilities. The spectrum at each 

increment of 0.01 sec was multiplied by the fraction of the column density 

in that time increment and summed. All transitions not included in this 

calculation (all of group 2) were added with their initial small inten- 

sities. 

We did a molecular excitation and decay calculation for those 

2 2  

2 

The level populations were then followed 

The line list by McClatchey et a1.8 was used 

The spectrum for a column density of 10l2 molecules/cm2 of H 2 0  is 

given in Fig. 1, and the spectrum for 10’l molecules/cm2 of CO 

in Fig. 2 .  These are probably close to the minimum column densities 

is given 2  
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achievable  on t h e  Space S h u t t l e ,  as discussed above. 

somewhat d i f f e r e n t  from those  c a l c u l a t e d  previous ly  f o r  pure 'H2l60 and 

12C1602 w i t h  only  r a d i a t i v e  e x c i t a t i o n  from t h e  ground state considered.  

For H20,  t h e  reg ion  a t  4 . 5  pm is exc i t ed  through f luo rescence ,  and t h e  

minimum a t  3.7 pm is p a r t i a l l y  f i l l e d  i n  by HDO. 12C160180 adds e x t r a  

bands i n  t h e  7-pm region. 

The s p e c t r a  are 

The H20 and C02 molecules are a l s o  exc i t ed  by c o l l i s i o n s  w i t h  t h e  

Because t h e  mean f r e e  pa th  through t h e  atmosphere ambient atmosphere. 

is so long (% k i lome te r s ) ,  most molecules do n o t  c o l l i d e  u n t i l  they have 

a l r eady  r a d i a t e d  down t o  the  ground state. They are seen  a t  a l l  only  

because t h e  p r o b a b i l i t y  of e x c i t a t i o n  is very  l a r g e ,  due t o  t h e  7.7 km/ 

sec  v e l o c i t y  d i f f e r e n c e .  Consequently, w e  can d i s c u s s  t h e  c o l l i s i o n a l  

e x c i t a t i o n  s e p a r a t e l y  from t h e  r a d i a t i v e  e x c i t a t i o n  and add t h e  two 

components of t h e  spectrum toge the r  on ly  a t  t h e  very  end. 

a l t i t u d e  of 350 km f o r  t h e  c a l c u l a t i o n ;  t h e  average d e n s i t y  a t  that 

a l t i t u d e  i s  9 . 1 ~ 1 0 ' ~  g/cm3. The atmosphere is  predominantly atomic 

oxygen a t  t h i s  a l t i t u d e .  The average number d e n s i t y  of oxygen atoms is 

3 . 1 ~ 1 0 ~  atoms/cm3. Since t h e  i n t e n s i t y  i n  t h e  spectrum scales approxi- 

mately as t h e  d e n s i t y  of t h e  c o l l i d i n g  oxygen atoms, t h e  r e s u l t s  can be 

sca l ed  f o r  o the r  a l t i t u d e s  o r  nonaverage condi t ions .  

W e  chose an  

An express ion  f o r  t h e  i n t e n s i t y  of t h e  r a d i a t i o n  from c o l l i s i o n a l l y  

exc i t ed  molecules w a s  der ived  by Simpson and Wit teb0rn. l  

as 

W e  rewrite i t  

hv A EP 1 N (4 =- - -  
2 ~ I T  vm ~ I T  d x* I =  

I T R  nf*v 
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where W is t h e  power on a d e t e c t o r  from one l i n e ,  R i s  t h e  r ad ius  of 

is t h e  s o l i d  angle  of t h e  f i e l d  of view, A is t h e  t h e  t e l e scope ,  

t r a n s i t i o n  p r o b a b i l i t y  f o r  t h e  l i n e ,  h i s  Planck 's  cons tan t ,  v is t h e  

nf ov 

frequency, v i s  t h e  v e l o c i t y  of t h e  c e n t e r  of mass of t h e  c o l l i d i n g  

oxygen atom and t h e  emi t ted  H20 o r  CO molecule, E 

of t h e  molecules over  t h e  whole S h u t t l e ,  P is t h e  e x c i t a t i o n  p r o b a b i l i t y ,  

CM 

is t h e  emission rate 2 

(:)-' is t h e  weighted average d i s t a n c e  of t h e  molecule when i t  r a d i a t e s  

i n t o  

t h a t  

(5) 
t h a t  

N t h e  f i e l d  of view, and - is t h e  f r a c t i o n  of t h e  exc i t ed  molecules 
N* 

sti l l  have n o t  decayed when they pass  through t h e  f i e l d  of view. 

and - are i n t e g r a l s  over  t h e  v e l o c i t y  d i s t r i b u t i o n  of func t ions  

depend on t h e  hard sphe re  c r o s s  s e c t i o n ,  t h e  atmospheric d e n s i t y ,  

N 
N* 

and t h e  t r a n s i t i o n  p r o b a b i l i t y .  The c r o s s  s e c t i o n s  f o r  c o l l i s i o n a l  ex- 

c i t a t i o n  of H20 by 0 and C02 by N2 have been measured only a t  much lower 

ene rg ie s ,  and f o r  t h e  010 and 001 fundamentals only.  

t h e  e x c i t a t i o n  of t h e  010 band of H20 by oxygen (6.3 pm) measured by 

Dunn et a1.l' 

We ex t r apo la t ed  

Rieger e t  a l . l l  ex t r apo la t ed  t h e  e x c i t a t i o n  of t h e  001 

bands of H20 (2.7 Urn) and C02 (4.3 vm) by oxygen, us ing  t h e o r e t i c a l  

cons ide ra t ions  t h a t  t h e  c r o s s  s e c t i o n  f o r  e x c i t a t i o n  of C02 by 0 should 

be much l a r g e r  than  t h a t  f o r  e x c i t a t i o n  by N2. 

same f o r  t h e  010 band of C02 (15 vm). 

have c a l c u l a t e d  t h e  pure r o t a t i o n a l  e x c i t a t i o n  of H 2 0  a f t e r  c o l l i s i o n  

wi th  oxygen atoms. 

ment. No c a l c u l a t i o n s  are a v a i l a b l e  f o r  t h e  r o t a t i o n a l  l e v e l s  of an 

exc i t ed  v i b r a t i o n a l  state,  b u t  E lg in  and Kolb12 sugges t  t h a t  5% of t h e  

Elg in  and Kolb12 d i d  t h e  

Kolb e t  a l .  l 3  and Kolb and Elgin14 

The earlier paper g ives  b e t t e r  agreement wi th  experi-  
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cen te r  of mass energy goes i n t o  r o t a t i o n a l  e x c i t a t i o n  f o r  CO We used 

the  same expression f o r  H 0. 

the  bands w i l l  be  g r e a t l y  broadened, as though exc i t ed  t o  a much h igher  

temperature.  

2' 

Although ad hoc, t h i s  does demonstrate t h a t  2 

Because of t h e  l a r g e  u n c e r t a i n t i e s ,  w e  have c a l c u l a t e d  t h e  c o l l i -  

s i o n a l l y  exc i ted  spectrum a t  a much lower r e s o l u t i o n  than t h e  r a d i a t i v e l y  

exc i t ed  spectrum. 

cu le s / sec  of H 0 and i n  Fig.  4 f o r  E = 5x1Ol8 molecules/sec of C 0 2 .  

These emission rates correspond t o  column d e n s i t i e s  of 

cm2 of H 2 0  and -lo1' molecules/cm2 of C 0 2 ,  wi th  t h e  emission plume geom- 

e t r y  used by Rantanen and Ress.2 Since the  C 0 2  comes from cabin  leakage 

out  t h e  s i n g l e  walled bulkhead between t h e  cabin and bay, a lower r e l a t i v e  

emission rate can produce t h e  same column dens i ty  looking s t r a i g h t  o u t  

t he  bay than f o r  outgassed H20. 

a l l y  exc i ted  i n t e n s i t y  w a s  der ived with t h e  assumption t h a t  E/2  molecules/  

s ec  are emit ted i n  the  forward d i r e c t i o n ;  t h e r e f o r e  changing the  S h u t t l e  

a t t i t u d e  w i l l  change t h e  e f f e c t i v e  E ( C 0 2 )  and hence I ( C 0 2 ) .  

The r e s u l t s  are given i n  Fig.  3 f o r  E = 2x1020 mole- 

2 

molecules/  

However, t h e  express ion  f o r  c o l l i s i o n -  

3. PARTICULATE CONTAMINANTS 

A genera l  d i scuss ion  of spacec ra f t  contaminant p a r t i c l e s ,  t h e i r  

t r a j e c t o r i e s  near  t he  Orb i t e r  and t h e i r  i n f r a r e d  r a d i a t i o n  is  given by 

Simpson and Witteborn. P a r t i c u l a t e  s i g h t i n g s  from previous spacec ra f t  

have usua l ly  been a s soc ia t ed  wi th  formation of i c e  p a r t i c l e s  nea r  w a t e r  

vents  o r  p a r t i c l e  e j e c t i o n  a s soc ia t ed  wi th  l e a k s  o r  d e l i b e r a t e  vent ing .  

The Orb i t e r  is supposed t o  vent  i t s  f u e l  c e l l  water i n  molecular form 
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except when r ap id  vent ing  i s  chosen. 

so t h a t  p a r t i c u l a t e  s i g h t i n g s  r e s u l t i n g  from them could be l i m i t e d  t o  

convenient t i m e s .  

f u e l  during v e r n i e r  t h r u s t e r  f i r i n g s .  

s e n s i t i v e  t o  p a r t i c l e  s i g h t i n g s  w i l l  be made i n  t h e  f r e e - d r i f t  mode i n  

which vernier t h r u s t e r  f i r i n g s  are suppressed f o r  extended per iods  from 

10 t o  90 min depending upon a t t i t u d e . 1 5  P a r t i c u l a t e  s i g h t i n g  rates re- 

s u l t i n g  from a n t i c i p a t e d  cab in  l e a k s  are expected t o  be s m a l l .  

se r iousness  of o t h e r  p a r t i c l e  sources  such as p a i n t  f l a k e s ,  abras ion  

products  from moving p a r t s ,  and loose  d i r t  i s  d i f f i c u l t  t o  eva lua te  

because of poorly understood release mechanisms. I n  t h e  p a s t  t hese  

sources  have been adequately con t ro l l ed  by c a r e f u l  design and c leaning  

procedures.  One release mechanism has  been suggested t h a t  i s  n o t  asso- 

c i a t e d  wi th  any of t h e  sources  d iscussed  above. This  i s  t h e  s p a l l a t i o n  

of t h e  O r b i t e r ' s  s u r f a c e  by micrometeoroid impact. The ceramic t i les  

covering t h e  Space S h u t t l e  are coated w i t h  a t h i n  l a y e r  of b o r o s i l i c a t e  

g l a s s  t o  make them waterproof .  When micrometeoroids h i t  t h e  S h u t t l e  

they w i l l  be  t r a v e l i n g  a t  hypersonic v e l o c i t i e s ;  mic roc ra t e r s  w i l l  be  

formed i n  t h e  g l a s s  coa t ing  and t h e  s p a l l e d  ejecta emi t ted  a t  high 

v e l o c i t i e s .  

day; t h e  number is  s u b s t a n t i a l  and of s e r i o u s  concern t o  a s e n s i t i v e  

i n f r a r e d  te lescope .  

Other ven t s  are manually con t ro l l ed  

P a r t i c l e s  w i l l  be formed a l s o  from e j e c t i o n  of unburned 

It is  expected t h a t  observa t ions  

The 

Barengol tz4 p red ic t ed  t h e  number of p a r t i c l e s  e j e c t e d  pe r  
I 

I 

Hypervelocity craters have been i n v e s t i g a t e d  f o r  many types  of 

materials. They are e s p e c i a l l y  of  i n t e r e s t  f o r  s t u d i e s  of micrometeoroid 
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c r a t e r s  on l u n a r  rocks. I n  these  s t u d i e s  p a r t i c l e s  o f - 1  pm i n  s i z e  are 

acce le ra t ed  t o  5 t o  15 km/sec v e l o c i t y  and sho t  a t  d i f f e r e n t  t a r g e t  mate- 

rials. Vedder and h i s  coworkers i n  p a r t i c u l a r  have used g l a s s  t a r g e t s .  

They then make e l e c t r o n  micrographs of each r e s u l t i n g  crater. An example 

is shown i n  Fig. 5 .  W e  are probably concerned wi th  l a r g e r  micrometeoroids 

a t  h ighe r  v e l o c i t i e s  and hence l a r g e r  craters, bu t  t h e  f e a t u r e s  should be 

similar. 

melted g l a s s .  The g l a s s  p a r t i c l e s  from t h e  p i t  probably a l l  reached h igh  

enough temperatures  t o  m e l t ;  t h e  ar&a around some of t h e  craters inc ludes  

submicron s i z e  d r o p l e t s  of melted g l a s s .  W e  w i l l  assume t h a t  some of t h e  

The c r a t e r s  c o n s i s t  of a deep c e n t r a l  p i t  w i th  a s p l a s h  r i m  of 
‘ I  i 

smallest p a r t i c l e s  w e r e  s t i l l  molten when e j e c t e d  from t h e  c e n t r a l  p i t  of 

t h e  crater. 

temperature of t h e  b o r o s i l i c a t e  g l a s s  coa t ing .  

When t h e  impacting p a r t i c l e  has  a h igher  v e l o c i t y ,  t h e  crater r i m  

Goldstein16 gave temperatures  of 1400-1800K f o r  t h e  mel t ing  

i s  a l s o  s p a l l e d  o f f  a long wi th  o t h e r  ch ips  of g l a s s  from around t h e  out- 

s i d e  of t h e  r i m .  A l l  t h i s  material h a s  been shocked by t h e  hyperve loc i ty  

impact.  

energy (a) of t h e  micrometeoroid goes i n t o  k i n e t i c  energy of t h e  ejecta 

and about 0.2 goes t o  i n c r e a s i n g  t h e  i n t e r n a l  energy of t h e  shocked m a s s .  

Thus i f  we  l e t  t h e  m a s s  of e j e c t a  Me = apKE S 

i s  t h e  y i e l d  s t r e n g t h  of t h e  material4 and 

8 - 0.2 and C i s  t h e  s p e c i f i c  h e a t ,  w e  f i n d  AT - 80K. However 

Mandeville and Vedder18 found a smaller mass of t h e  e j e c t a  which l e a d s  

to  AT = 200-350K f o r  B - 0.2. This i s  an  average temperature. The 

Gault and Hei towi t”  es t imated  t h a t  about h a l f  of t h e  k i n e t i c  

where a - 0.5 and S 

where AE = f3 KE = Me C AT 
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FIGURE 5 An electron micrograph of a crater on Si02 glass is shown. 
The impacting Si02 particle had a diameter of 3 pm and a 
velocity of 4 km/sec. The line going through the crater 
has a total length of 16pm. 
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temperature increase for the chips of glass from the rim could be lower 

if ejecta from the pit are hotter. 

trarily chose to plot spectra for AT = 150K, or T = 450K if a starting 

temperature of 300K was chosen. 

also close to 300K. 

With these uncertainties, we arbi- 

The final equilibrium temperature is 

To calculate the spectra of the particles we first assume that all 

particles are spherical. 

We used the complete Mie theory for scattering and absorption by spheres. 

The equations are found in many books, such as van de Hulst19 and 

Wickramasinghe. 2o 

are the size parameter x (the ratio of the particle circumference to 

the wavelength), the complex index of refraction m = n - ik, and the 
array of scattering angles. 

Qext(=aext/ra2, where u is the extinction cross section and a is ext 
the particle radius), Qsca(=u /ra2), and the angular dependencies. The sca 

emissivity E equals the absorption efficiency Qabs = Qext 

The scattering and absorption properties of a particle with 

unity are very curious because the particle can influence much more of 

the incoming wavefront than its geometrical size. There can be very 

sharp fluctuations due to resonances (particularly if k << 1) and 

and even 

emit - more than a blackbody at wavelengths where Qabs > 1. 
can be seen in the image brightness plots discussed below. 

The diameters chosen ranged from 1 to 20 um. 

The input parameters to a Mie scattering calculation 

The output is the extinction efficiency 

- Qsca. 
x near 

QSca 

can be much larger than 1. That is, the particle can Qabs 

These effects 

The next problem is the choice of the complex index of refraction 

m. In the infrared, m has been measured for similar materials (i.e., 
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sil icates) such as qua r t z  and terrestr ia l  and luna r  rocks.  Pol lack  e t  

a1.21 have measured m f o r  terrestrial  obs id i an ,  b a s a l t ,  b a s a l t i c  g l a s s ,  

and andes i t e .  Since the  o p t i c a l  cons t an t s  n and k f o r  b a s a l t i c  g l a s s  

gene ra l ly  f a l l  i n  between t h e  o t h e r  materials, w e  used i t  f o r  our  f i r s t  

sample material f o r  c a l c u l a t i o n s  of s p e c t r a  between 2 pm and 50 pm. 

yond 50 pm, cons t an t s  f o r  fused qua r t z  as given by Randall  and Rawcliffe22 

w e r e  used. 

Be- 

The emissivities of t h e  s p a l l e d  p a r t i c l e s  w e r e  ca l cu la t ed  from 

The image of a nearby p a r t i c l e  i n  t h e  f i e l d  of view X = 2 pm t o  200 pm. 

w i l l  be ou t  of focus;  t h e  s i z e  of t h e  image i s  given by D/d where D 

i s  t h e  diameter  of t h e  t e l e scope  and d i s  t h e  d i s t ance  t o  t h e  p a r t i c l e .  

Then t h e  power on a d e t e c t o r  i s  given by 

l o s s e s  of a less than  p e r f e c t l y  e f f i c i e n t  system. 

b r i g h t n e s s  t o  be 

view (n = rB2/4 where f3 i s  t h e  diameter  of t h e  f i e l d  of view). Note 

t h a t  WX and 1; have no dependence on t h e  diameter  of t h e  t e l e scope  

so  long as t h e  p a r t i c l e  is  c l o s e r  than 

B = 1 arcmin, d 5 3.44 km bu t  f o r  a 15 c m  t e l e scope  wi th  a one degree fov ,  

d 5 8.7  m).  

WX = cTa2 BX R ,  excluding t h e  

W e  d e f i n e  t h e  image 

I{ = W,/n,  where Q i s  t h e  s o l i d  ang le  of t h e  f i e l d  of 

d = D / B  ( f o r  a 1 m t e l e scope  wi th  

For d i s t a n c e s  g r e a t e r  than d = D / B ,  

We have p l o t t e d  t h e  image b r igh tness  f o r  4 p a r t i c l e  s i z e s  i n  Fig.  6 f o r  

temperatures  of 300K, 450K, and 1400K. A 300K blackbody is  included f o r  

comparison. It i s  i n t e r e s t i n g  t o  see t h a t  t h e  famous 10-pm and 20-pm 

194 



BASALTIC GLASS 0.5 MICRON RADIUS 
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P I 

FIGURE 6 The image brightnesses for four sizes of particles of basaltic 
glass are plotted versus wavelength. 
temperatures of 300K, 450K, and 1400K. A 300K blackbody is 
plotted for comparison. 

The particles have 
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si l icate  f e a t u r e s  do not  show up i n  the  s p e c t r a  of t he  l a r g e r  p a r t i c l e s .  

These p a r t i c l e s  are o p t i c a l l y  t h i c k  a t  in te rmedia te  wavelengths. 

It should be  poss ib l e  t o  measure m f o r  t he  ceramic t i l e  coa t ing .  

Goldstein16 has  provided t ransmission and r e f l e c t i o n  s p e c t r a  of t he  b lack  

S h u t t l e  coa t ing ,  from which one can estimate n and k using d i spe r s ion  

theory.21 

few microns, and i t  is not  a t  a l l  c l e a r  t h a t  p a r t i c l e s  a few microns i n  

diameter would have the  same p r o p e r t i e s  as a l a r g e  t i l e .  

t h e r e  are two types of coa t ing ,  white  and black.  

small p a r t i c l e s  of g l a s s  s i n t e r e d  toge ther  and conta ins  a i r  bubbles 8 t o  

10 pm i n  diameter.  The white  co lo r  is due t o  s c a t t e r i n g  by t h e  bubbles.  

To decrease t h e  albedo of t h e  whi te  coa t ing ,  8 t o  10  vm p a r t i c l e s  of 

s i l i c o n  ca rb ide  have been added. 

due t o  suspended p a r t i c l e s  of te t raboron  s i l i c i d e  of s i z e  1 t o  10 pm.16 

I n  s p i t e  of t hese  cavea t s ,  w e  used t h e  d i spe r s ion  a n a l y s i s  of Pol lack  e t  

al .  t o  g e t  rough va lues  f o r  n and k from 7 t o  25 vm. Spec t ra  were 

then computed from 7 t o  25 pm f o r  p a r t i c l e s  wi th  2-pm rad ius .  

s p e c t r a  are gene ra l ly  similar t o  t h a t  of b a s a l t i c  g l a s s ;  t h e  main fea-  

However, t he  S h u t t l e  coa t ing  is no t  uniform on a scale of a 

To be s p e c i f i c ,  

The white  c o n s i s t s  of 

The b lack  coa t ing  has a very low albedo 

The 

t u r e s  are the  10-pm and 20-pm s i l i c a t e  f e a t u r e s  and e f f e c t s  due t o  s i z e .  

The temperature  of t h e  p a r t i c l e s  must a l s o  be known i n  o rde r  t o  

determine how much they r a d i a t e .  

bu t  they r a d i a t e  as E a  T4 and cool  o f f  wi th  t i m e .  We w i l l  assume t h a t  

When emit ted,  t h e  p a r t i c l e s  are h o t ,  

t he  p a r t i c l e s  are a l s o  heated by t h e  sun and e a r t h .  The b r igh tness  

temperature of t h e  e a r t h  v a r i e s  g r e a t l y  with wavelength and t h e  season 
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of the  subear th  po in t ,  ranging from -216K i n  t h e  depths  of t h e  H20 and 

C02 bands where t h e  atmosphere is o p t i c a l l y  t h i c k  t o  >300K a t  v i s i b l e  

wavelengths over a hot  dese r t .  Since t h e  p a r t i c l e s  have t h e i r  l a r g e s t  

around 10  and 20 vm where t h e  atmosphere is r e l a t i v e l y  o p t i c a l l y  Qabs 

t h i n ,  w e  w i l l  choose a r e l a t i v e l y  h o t  e a r t h ,  T, = 280K. Then t h e  energy 

equat ion is 

\ 
I 

(3) - = -  dE 4 r r 3 p C  dT = -4rr2EaT4 + a A S  rr2ilQ: T: + aIR rr2 2r  
d t  3 T: c 

1 . 3 6 0 ~ 1 0 ~  where C = 0.3 c a l o r i e s / g  O C  and p = 2.4 g/cm3 and nor a T 4  = 

- 
erg/cm2sec. a is t h e  abso rb t iv i ty .  E is t h e  temperature weighted 

emiss iv i ty  The s p e c t r a  f o r  b a s a l t i c  g l a s s  w e r e  

computed using va lues  of E' ca lcu la t ed  f o r  d i f f e r e n t  par t ic le  s i z e s  and 

temperatures.  

values .  W e  assumed a = E' (280K). For a 

value.  Goldstein16 gave avis = 0.3 f o r  t he  white  S h u t t l e  coa t ing  and 

a = 0.9 f o r  t h e  black.  However these  are bulk  p r o p e r t i e s  and inc lude  

the  bubbles and t h e  s i l i c o n  carb ide  o r  t e t r aboron  s i l i c i d e .  That is, 

Linear  i n t e r p o l a t i o n  w a s  used t o  ob ta in  in te rmedia te  

w e  do no t  have a good v i s  I R  

v i s  

the material is e f f e c t i v e l y  homogeneous. However t h e  small s p a l l a t i o n  

p a r t i c l e s  may o r  may no t  i nc lude  t h e  impur i t i e s ,  which are t h e  main 

determinant of a 

and, depending on p a r t i c l e  s i z e ,  can have a very c l o s e  t o  zero.  

Assuming t h a t  avis = 0.3 o r  0.9, we  ca l cu la t ed  T ( t )  from t h e  above 

equat ion f o r  

Pure g l a s s  is much more t r anspa ren t  i n  t h e  v i s i b l e  v i s  

v is  

T ( t  = 0) = 450K. The p a r t i c l e s  cool  very r a p i d l y  bu t  more 

slowly f o r  l a r g e r  p a r t i c l e s .  The l a r g e r  p a r t i c l e s  eventua l ly  come t o  a 
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- 
lower temperature because of t h e i r  l a r g e r  va lues  of E .  However, a t  0 .1  

sec ,  which i s  when most of t h e  p a r t i c l e s  i n  Barengol tz 's  model pass  i n  

f r o n t  of a te lescope ,  t h e  p a r t i c l e s  are near  t h e i r  o r i g i n a l  temperatures.  

The temperature  as a func t ion  of t i m e  f o r  T ( t  = 0) = 450K and avis=0.3 

i s  given i n  Fig. 7 .  W e  have ignored t h e  s o l i d  ang le  of t h e  S h u t t l e  i t s e l f  

i n  t h e  above c a l c u l a t i o n .  

e a r t h ,  t h e  e f f e c t  of t h e  s o l i d  angle  of t h e  S h u t t l e  is t h a t  t h e  p a r t i c l e s  

w i l l  cool  more slowly. The l eng th  of t i m e  t h a t  t h i s  e f f e c t  is important , 

depends on t h e  v e l o c i t y  of t h e  p a r t i c l e s .  

are s t i l l  c l o s e  t o  t h e  S h u t t l e  a t  t = 1 sec ( t h e s e  are t h e  l a r g e r  p a r t i -  

cles which cool  more slowly anyway), b u t  p a r t i c l e s  wi th  v 2 l o 3  m/sec 

( the  smaller p a r t i c l e s )  have a l r eady  moved s u f f i c i e n t l y  f a r  away by 

t = 0.1 sec t o  no longer  f e e l  any e f f e c t .  

enough away a f t e r  a few seconds t h a t  t h e  f i n a l  p a r t i c l e  temperatures are 

as shown i n  Fig.  7 .  

Since t h e  S h u t t l e  is  s l i g h t l y  w a r m e r  than t h e  

P a r t i c l e s  wi th  v S 10 m/sec 

A l l  par t ic les  have moved f a r  

We can a l s o  make p r e d i c t i o n s  of t h e  p a r t i c l e  s i g h t i n g  rates due t o  

s p a l l a t i o n  of t h e  S h u t t l e  t i l es  by micrometeoroids. (Other p a r t i c l e  

sources ,  such as dus t  and ices, are f a r  less p r e d i c t a b l e . )  The number 

of p a r t i c l e s  produced pe r  day from t h e  S h u t t l e  by s p a l l a t i o n  were pre- 

d i c t e d  by B a r e n g o l t ~ . ~  

and p a r t i c l e  s i z e ,  which are ad hoc and need t o  be measured, b u t  w i l l  

We w i l l  u se  h i s  d i s t r i b u t i o n  func t ion  f o r  v e l o c i t y  

scale t h e  mass of t h e  p a r t i c l e s  produced t o  ag ree  wi th  t h e  measurements 

of t h e  mass e j e c t e d  from g l a s s  bombarded by hyperve loc i ty  p a r t i c l e s  by 

Mandeville and Vedder. l 8  For p a r t i c l e s  w i th  E < 1 pJ, Mandeville and 
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FIGURE 7 Particle temperatures as a function of time are plotted for 
particles with different radius a. The efficiency for 
visual absorption a equals 0.3. 
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1.1 
Vedder found t h a t  = 230 E , where ME is t h e  mass of t h e  ejecta 

from a s i n g l e  hyperve loc i ty  impact i n  picograms, and E is t h e  k i n e t i c  

energy of t h e  impacting p a r t i c l e  i n  IJJ. 

u n i t s  is 

s i d e r a t i o n  range from 4 to  lo4  vJ.  

and Vedder's express ion  t o  much h igher  energ ies .  

Barengol tz 's  formula i n  t h e s e  

The energ ies  of t h e  micrometeoroids under con- 

Thus w e  must e x t r a p o l a t e  Mandeville 

= 4000 E . 4  

For tuna te ly  t h e  d i f f e r -  

ence i n  energy dependence from the  t h e o r e t i c a l  is small, and t h e  correc-  

t i o n  f a c t o r s  vary by only  a f a c t o r  of 2 over t h e  whole range of energ ies .  

A second c o r r e c t i o n  f a c t o r  is  f o r  t h e  f l u x  of micrometeoroids near  t h e  

ea r th .  Barengoltz4 used t h e  Meteoroid Environment Model-1970;2 whereas 

we w i l l  use  t h e  summary of Gault  e t  al.24 

mass f l u x  as t h e  former, bu t  t h e  numbers of very small micrometeoroids 

The la t te r  has t h e  same t o t a l  

are much l a r g e r .  The t i les  on the  s u r f a c e  of t h e  S h u t t l e  c o n s i s t  of a 

low d e n s i t y  porous g l a s sy  foam coated wi th  a t h i n  dense l a y e r  of boros i l -  

icate g l a s s .  Barengoltz assumed t h a t  t h e  smaller micrometeoroids would 

make mic roc ra t e r s  i n  t h e  g l a s s  coa t ing  (much l i k e  t h e  craters s tudied  by 

Vedder and h i s  coworkers), bu t  t h a t  t h e  meteoroids wi th  m a s s  ~ 1 0 ' ~  g 

would break through t h e  coa t ing  and embed themselves i n  t h e  foam without  

r e l e a s i n g  t h e  l a r g e  numbers of p a r t i c l e s  corresponding t o  t h e  l a r g e r  

mass. Barengoltz (and we) ignored these  l a r g e r  p a r t i c l e s ;  about one 

such p a r t i c l e  p e r  hour w i l l  h i t  t he  Shu t t l e .  The f i n a l  co r rec t ion  is 

t h a t  w e  used a d i f f e r e n t  va lue  f o r  t he  t o t a l  area of t he  S h u t t l e  t i les .  

The r e s u l t  of a l l  t hese  c o r r e c t i o n s  is  t h a t  our  number of t o t a l  h i t s  per  

day is a f a c t o r  of t en  smaller than t h a t  used by B a r e n g ~ l t z . ~  (He cor- 

r e c t s  h i s  area t o  our  va lue  a t  the  end of h i s  paper . )  
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To c a l c u l a t e  t he  f r a c t i o n  of p a r t i c l e s  t h a t  pas s  through t h e  f i e l d  

of view, w e  f i r s t  had t o  make s e v e r a l  assumptions about t h e  geometry of 

t h e  s i t u a t i o n .  We assumed t h a t  p a r t i c l e s  are emitted randomly over t h e  

e n t i r e  su r face ,  then are swep t  back by the  atmosphere and go i n t o  o r b i t  

around t h e  ea r th .  W e  assumed the  atmosphere has  t h e  average dens i ty  f o r  

350 km a l t i t u d e .  

depending on when they are s ighted :  

te lescope  immediately be fo re  atmospheric o r  o r b i t a l  e f f e c t s  change t h e  

i n i t i a l  s t r a i g h t  l i n e  t r a j e c t o r y ,  and 2) those  t h a t  pass  i n  f r o n t  much 

later. For case 1, the  important parameters are t h e  diameter of t h e  

te lescope  and t h e  d i s t ance  i t  p r o j e c t s  from t h e  s k i n  of t h e  Shu t t l e .  Of 

a l l  particles emit ted from the  Shu t t l e ,  0.2% f a l l  i n t o  case  1 f u r  a one m 

te lescope  p ro jec t ing  3 m beyond t h e  Shu t t l e .  

e j e c t i o n  is l a r g e r  than a few m/sec, a l l  t h e  p a r t i c l e s  t h a t  pass  i n  f r o n t  

of t he  te lescope  i n  case  2 are so f a r  away t h a t  t h e i r  ou t  of focus images 

are smaller than the  f i e l d  of view. The f r a c t i o n  i n  t h i s  case is 0.5 x 

t he  f i e l d  of view t 28. Thus, f o r  a 15  arcmin fov the  t o t a l  f r a c t i o n  

t h a t  passes  through the  f i e l d  of view is 0.0026; f o r  a 1 arcmin fov t h e  

f r a c t i o n  i s  0.002. 

The e j ec t ed  p a r t i c l e s  can be divided i n t o  2 classes 

1 )  those t h a t  pas s  i n  f r o n t  of t h e  

I f  t h e  i n i t i a l  v e l o c i t y  of 

W e  have run Monte Carlo c a l c u l a t i o n s  t o  determine t h e  average energy 

deposi ted by a p a r t i c l e  i n  t h e  f i e l d  of view as a funct ion  of p a r t i c l e  

s i z e  and i n i t i a l  ve loc i ty .  These average br ightnesses  w e r e  then in t e -  

gra ted  over Barengol tz 's  s i z e  and v e l o c i t y  d i s t r i b u t i o n s  t o  determine 

t h e  f r a c t i o n  of p a r t i c l e s  i n  each b r igh tness  decade. These f r a c t i o n s ,  
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t he  number of s i g h t i n g s  pe r  day, and t h e  t i m e  i n t e r v a l  between s i g h t i n g s  

are a l l  given i n  Table 1. 

arcmin fov ,  b u t  t h a t  t h e r e  i s  a 15x15 a r r a y  of d e t e c t o r s .  The b r igh tness  

given i s  t h a t  seen by any one d e t e c t o r ,  bu t  t h e  s i g h t i n g  could be  on any 

p a r t  of t he  a r r ay .  For a l l  bu t  t h e  l as t  e n t r y  i t  w a s  assumed t h a t  t h e  

p a r t i c l e s  r a d i a t e  l i k e  300K blackbodies.  However, some of t h e  very  

smallest p a r t i c l e s  w i l l  be  melted g l a s s  from t h e  c e n t e r s  of t h e  craters 

and w i l l  be  much h o t t e r .  The l a s t  e n t r y  g ives  p a r t i c l e s  t h a t  would b e  

too small t o  d e t e c t  a t  ZOOK, b u t  would be d e t e c t a b l e  i f  they w e r e  much 

We have assumed t h a t  each de tec to r  has  a 1 

Table 1. P a r t i c l e  s i g h t i n g  rates f o r  a 1 m t e l e scope  wi th  I a 1 arcmin f o v  ( i n  s p e c t r a l  band near  10 pm). 

F rac t ion  t h a t  pu t  < 
Number of s i g h t i n g s  p e r  day 
Time between s i g h t i n g s  

F rac t ion  wi th  
Number of s i g h t i n g s  p e r  day 
Time between s i g h t i n g s  

F rac t ion  w i t h  
Number of s i g h t i n g s  p e r  day 
Time between s i g h t i n g s  

Joules / lO pm on d e t e c t o r  

> Joules / lO pm > 

> Joules / lO pm > 

Frac t ion  wi th  
Number of s i g h t i n g s  pe r  day 
T ime  between s i g h t i n g s  

> Joules / lO pm > 10-15 

F rac t ion  wi th  > Joules/ lO pm 
Number of s i g h t i n g s  pe r  day 
Time between s i g h t i n g s  

F rac t ion  of a d d i t i o n a l  small h o t  p a r t i c l e s  
Number of s i g h t i n g s  per  day 
T ime  between s i g h t i n g s  

.97 
2x104 
2 sec 

2x10'2 
8x102 
2 min 

4 ~ 1 0 ' ~  
1x102 
10 min 

6 ~ 1 0 ' ~  

1 h r  

4 ~ 1 0 ' ~  

1 day 

2x101 

1x100 

2x10'2 
5x102 
2 min 
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warmer  and were seen wi th in  the  f i r s t  f r a c t i o n  of a sec a f t e r  being 

emit ted.  A l l  i n t e g r a t i o n  times are one sec .  However, most of t he  very 

f a s t  p a r t i c l e s  pass  through the  f i e l d  of view i n  0.1 sec  o r  0.01 sec o r  

even less. The s p e c t r a l  bandwidth is  5 t o  15  pm i n  a l l  cases. 

4. CONCLUDING REMARKS 

The t o t a l  background i n t e n s i t y  expected from H 2 0  and CO i n  t h e  2 

cons t ra ined  (no t h r u s t e r  f i r i n g s ,  l i q u i d  vents  o f f ,  40 h o r  more i n  space)  

Orb i t e r  environment a t  350 km is  given by t h e  sum of t h e  i n t e n s i t i e s  i n  

Figs.  1, 2 ,  3 and 4. This t o t a l  is  less than 2 ~ 1 0 - l ~  W cm-2ster'1pm'1 

throughout t he  2 t o  20 pm range except f o r  a narrow peak s e v e r a l  t i m e s  

h igher  a t  1 5  pm. 

one m unobscured ape r tu re  wi th  a one arcmin diameter f i e l d  of view, would 

see a background s p e c t r a l  f l u x  of about lx10-14 W pm-l o r  less i n  t h i s  

range. Examples of background and random no i se  under t h e  above condi- 

t i o n s  are summarized f o r  t h r e e  cases  i n  Table 2. 

A c ryogenica l ly  cooled te lescope  l i k e  SIRTF, having a 

The f i e l d  of view and bandwidth chosen i n  these  examples are both  

near  t h e  l a r g e s t  expected f o r  a s i n g l e  de t ec to r  i n  as t ronomical  

Table 2. Backgrounds due t o  contamination 

Noise from 
Band Power Photons photon f l u c t u a t i o n s  
( v d  (W) (sec-1) (W Hz-lI2) 

2.1-3.1 1. 7x10-1 2. 2x104 1 . 1 ~ 1 0 - 1 7  

6.0-7.0 3. 6xlO-l 1 . 2 ~ 1 0 5  1 . 1 ~ 1 0 - 1 7  

3.1-4.1 4 . 1 ~ 1 0 ' ~ ~  6. 4x102 1 . 6 ~ 1 0 ' ~ ~  
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2 a p p l i c a t i o n s  shortward of 20 pm. Y e t  t h e  random n o i s e  from H 0 and CO 

emission i s  less than t h a t  i n  s t a t e -o f -a r t  d e t e c t o r s .  Thus, t h e  i n f r a r e d  

emission from t h e  expected molecular contaminant atmosphere of t h e  O r b i t e r  

is n o t  expected t o  be  a s e r i o u s  l i m i t a t i o n  on t h e  use  of a s e n s i t i v e  

i n f r a r e d  te lescope ,  provided t h a t  t h r u s t e r  f i r i n g s  and water vent ings  

are inh ib i t ed .  

2 

The p a r t i c l e  s i g h t i n g  rates and r e s u l t a n t  energy rece ived  by a 1 m 

te lescope  i n  a 1 arcmin f i e l d  of view and 10 pm band (centered near  10  pm) 

have been est imated f o r  t he  s p a l l a t i o n  products  formed by impacting micro- 

meteoroids.  This is t h e  most copious source  of p a r t i c l e s  a n t i c i p a t e d  f o r  

t h e  O r b i t e r  environment when t h e  t h r u s t e r s  are n o t  f i r i n g  and when t h e  

w a t e r  vents  are closed.  Most ins t ruments  t h a t  have been suggested for 

SIRTF25 ope ra t e  i n  much narrower bands than  t h e  10 pm used i n  Table 1 o r  

else a t  longer  wavelengths where t h e  i n t e n s i t y  of r a d i a t i o n  from p a r t i c l e s  

is  lower (Fig.  6 ) .  Such ins t ruments  would be a f f e c t e d  a t  i n t e r v a l s  com- 

pa rab le  t o  o r  longer  than the  longes t  expected i n t e g r a t i o n  t i m e  (20 min). 

One instrument  under cons ide ra t ion ,  a s e n s i t i v e  broadband photometer, 

would be a f f e c t e d  by p a r t i c l e  s i g h t i n g s  more f r equen t ly  and would have 

t o  inco rpora t e  d i sc r imina t ion  devices  o r  l o g i c  f o r  r e j e c t i n g  t r a n s i e n t  

s i g n a l s .  Thus t h e  p a r t i c l e  environment a l s o  appears  t o  be  s a t i s f a c t o r y  

f o r  i n f r a r e d  astronomy, provided appropr i a t e  sa feguards  are taken i n  t h e  

design of s e n s i t i v e ,  broadband instruments .  However, t h e  p a r t i c l e  pro- 

duc t ion  rate and v e l o c i t y  d i s t r i b u t i o n  are very  poorly understood. 

work i s  needed t o  p r e d i c t  sources  of p a r t i c u l a t e s ,  release mechanisms, 

More 
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and v e l o c i t y  d i s t r i b u t i o n s .  

contaminants from payload materials as these  are s p e c i f i e d .  Fur ther  

tests are needed on the  f l a s h  evapora tors  f o r  t h e  O r b i t e r  t o  see i f  they 

r e a l l y  do e m i t  water i n  molecular form only ,  w i th  no ice  p a r t i c l e s .  

Continuing e f f o r t s  are needed t o  i d e n t i f y  
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